ABSTRACT
INTRODUCTION
A gestational sac is the first sonographic sign of an intrauterine pregnancy (IUP). It appears as a uniformly round, hypoechoic structure with an echogenic rim. Initially, it does not contain any internal echoes and can therefore be difficult to differentiate from a 'pseudosac', that is, an endometrial fluid collection that occurs in up to 15% of ectopic pregnancies (EPs) 1 . It is clinically important not to confuse these two structures and hence several different sonographic signs have been proposed to help differentiate between them prior to visualization of embryonic contents.
The double decidual sac sign (DDSS) is one such sign. It was first described in the 1980s and is defined as two concentric echogenic rings of tissue surrounding an intraendometrial fluid collection that impress upon the endometrial stripe in an early IUP 2 . Conversely, in an EP, the decidual reaction presents as only a single echogenic ring around the endometrial fluid collection 3 . A recent systematic review and meta-analysis reported that the DDSS predicted an IUP with a sensitivity of 81.8% and specificity of 97.3% 4 . Unfortunately, the quality of the studies included was generally poor: five of the six studies were undertaken in the 1980s 2,5-8 , two were retrospective 2, 8 and only one utilized transvaginal sonography (TVS) 9 . Hence, the diagnostic accuracy of the DDSS for predicting an IUP may have been under-, or indeed over-, estimated.
Ultrasound technology has advanced considerably over the last 30 years. TVS utilizes higher frequencies with better axial resolution than its transabdominal counterpart and this has revolutionized the sonographic study of very early pregnancy. Not only does TVS identify reliably normal and abnormal pregnancies at earlier gestation than does transabdominal ultrasound 10 , but also, threshold values and discriminatory sizes used to distinguish normal and abnormal pregnancies are smaller using higher-frequency TVS compared with lowerfrequency TVS 11 . The aim of this study was to determine the diagnostic accuracy of the DDSS for predicting an IUP prior to visualization of embryonic contents using modern high-resolution TVS. We hypothesized that all intrauterine fluid collections that exhibit the DDSS represent a true gestational sac.
METHODS
Ethical approval of the study was obtained from Nottingham 1 Research Ethics Committee (13-EM-0081) and informed written consent was obtained from all participants. The study was registered with www.clinicaltrials .gov (NCT02700789) and conducted following STARD guidelines 12 . Participants were recruited prospectively from Nurture Fertility, Nottingham, UK between 1 January and 31 October 2015. Women were aged between 18 and 45 years and had undergone in-vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) treatment using a standard long agonist or antagonist protocol, depending on ovarian reserve tests, as described previously 13 . The study was advertised within the IVF unit using posters and patient information leaflets. Whenever possible, one of the authors (A.R.) was present to discuss the study with women following their embryo-transfer procedure. All women undergoing IVF/ICSI were invited to participate in the study. Women were excluded from the study if they had a negative urinary pregnancy test (performed 18 days after oocyte retrieval in a fresh cycle or 13-16 days after embryo transfer in a frozen embryo replacement cycle, depending on the stage of embryo development at the time of transfer) or if, at the time of the index test, there was no sonographic evidence of an intrauterine fluid collection or a yolk sac and/or fetal pole was clearly visible within the intrauterine fluid collection. Women were also excluded if no outcome data were available or if the final diagnosis was not known even after the reference standard was performed (for example resolving or persistent pregnancies of unknown location).
Index test
If the urinary pregnancy test was positive, an early TVS was scheduled for either 19 or 20 days after oocyte Figure 1 Ultrasound image of double decidual sac sign. Inner ring represents chorion, embryonic disc and decidua capsularis and outer ring represents decidua basalis. A hypoechoic area may be seen occasionally between inner and outer rings, representing compressed uterine cavity adjacent to gestational sac.
retrieval, corresponding to a gestational age of 33 or 34 days. This range was chosen specifically to optimize the chance of a gestational sac being present but a yolk sac or fetal pole being absent 14, 15 . This early TVS was considered to be the index test. A single investigator with experience in early pregnancy ultrasound performed all early scans following standard operating procedures using a Voluson E8 machine (GE Healthcare, Chicago, IL, USA) with a high-frequency (5-9 MHz and 9-12 MHz) transvaginal probe. During the early scan, the presence or absence of the following structures was recorded: an intrauterine fluid collection (defined as a uniformly round, hypoechoic structure with an echogenic rim), the DDSS (defined as two concentric echogenic rings of tissue surrounding the intraendometrial fluid collection that impress upon the endometrial stripe) (Figure 1 ), yolk sac (defined as a spherical, hyperechoic ring situated eccentrically within the gestational sac) and fetal pole (defined as a small linear echogenic structure adjacent to the yolk sac, on the side closest to the gestational sac). If more than one intrauterine fluid collection was visualized then each was considered as a separate entity. The findings from the early TVS were interpreted immediately and recorded separately from the main clinical notes.
Referral pathways to local early pregnancy assessment units (EPAU) were in place for any woman in whom this early assessment was strongly suggestive of an EP, for example if there was an empty endometrial cavity and either an inhomogeneous adnexal mass or an empty extrauterine sac, or a yolk sac or fetal pole with or without cardiac activity in an extrauterine sac.
Reference standard
All women were scheduled to have a routine viability ultrasound scan at 6-7 weeks' gestation (between 8 and 16 days after the index test) as per the fertility unit's standard practice. This viability scan was performed by an appropriately trained doctor or nurse following standard operating procedures and using the same ultrasound equipment as for the index test. This viability scan plus any subsequent clinical follow-up required, i.e. if the diagnosis was not certain following the viability scan alone, constituted the reference standard. Clinical follow-up consisted of a repeat TVS 7-10 days after the initial viability scan in pregnancies of uncertain viability (defined as the presence of an intrauterine gestational sac with mean diameter < 25 mm and no obvious yolk sac or fetal pole, or an intrauterine gestational sac containing a fetal pole < 7 mm with no obvious fetal heart pulsation); pregnancies of uncertain location (defined as no evidence of an intra-or extrauterine pregnancy or retained products of conception on TVS in the presence of a positive urinary pregnancy test) were referred to a local EPAU for monitoring of serial serum beta-human chorionic gonadotropin levels, subsequent ultrasound examination and possibly surgery, where indicated, according to departmental protocols, until a definitive diagnosis could be made. Interpretation of the reference standard was performed by an experienced gynecologist without knowledge of the findings from the index test. Any uncertainty regarding the final diagnosis was resolved by seeking the opinion of two other senior gynecologists and gaining a consensus opinion.
Outcome of interest
Following the reference standard, the possible diagnoses were either an IUP or an EP. IUPs were further classified as either viable or non-viable. A viable IUP was defined by sonographic identification of an intrauterine gestational sac with a fetal pole of any length with demonstrable fetal heart pulsations. A non-viable IUP was defined as either an empty intrauterine gestational sac with mean sac diameter > 25 mm or an intrauterine gestational sac containing a fetal pole with crown-rump length > 7 mm with no demonstrable fetal heart pulsations or, in the absence of a viable embryo, no significant increase in the growth of the gestational sac or length of the fetal pole on two ultrasound scans performed > 7 days apart. For women who underwent surgical or medical management of miscarriage, histological confirmation of the products of conception was obtained when possible. EPs were confirmed either by direct visualization of an EP during surgery with histological confirmation or, in those managed medically with methotrexate or conservatively, unequivocal identification of an EP on ultrasound scan. Sonographic signs indicative of an EP included an empty endometrial cavity with either an inhomogeneous adnexal mass or an empty extrauterine sac, or a yolk sac or fetal pole with or without cardiac activity in an extrauterine sac. Following the reference standard, any pregnancy that did not fall into one of these categories was excluded from the study. These included resolving or persisting pregnancies of unknown location.
Statistical analysis
The sensitivity and specificity of the DDSS for predicting an IUP were estimated following cross-tabulation of the index test results against those of the reference standard. The overall diagnostic accuracy, as well as positive and negative likelihood ratios and predictive values, were also calculated. Results are expressed as percentages for ease of interpretation and 95% CIs are also given.
Sample size calculation
Based on the results of the aforementioned systematic review and meta-analysis 4 , the estimated sensitivity and specificity of the DDSS to predict an IUP are 81.8% and 97.3%, respectively. Estimation of the sensitivity and specificity to within 10% with 95% certainty would require a sample size of 69, in order to include 57 true-positive cases and 12 true-negative cases 16 .
RESULTS
Between 1 January and 31 October 2015, 620 IVF/ICSI cycles were performed within the unit. Of these, 124 (20.0%) women agreed to participate in the study. In addition to these, a further six women were approached by one of the authors at the time of embryo transfer but declined to participate in the study for various reasons, namely work commitments (n = 3), reluctance to have TVS (n = 2) and distance of travel to the clinic (n = 1). Forty-five (36.3%) of the 124 women were subsequently excluded as they had a negative urinary pregnancy test. Of the 79 women who had a positive pregnancy test, two (2.5%) did not attend the index test and nine (11.4%) of those who did attend did not have an intrauterine fluid collection present on TVS and were therefore excluded. In the remaining 68 women, a total of 77 intrauterine fluid collections were observed on TVS (nine women had two intrauterine fluid collections detected). Ten (13.0%) of the 77 intrauterine fluid collections had a yolk sac visible and were therefore excluded from the study, resulting in 67 intrauterine fluid collections included in the study (Figure 2) . The baseline characteristics of study participants are given in Table 1 . These were not significantly different from the baseline characteristics of the general population attending the IVF unit during the same time period.
Of the 67 intrauterine fluid collections detected during the index test, 61 displayed the DDSS. Of these, all 61 were demonstrated to have an IUP on follow-up examination. Of the six intrauterine fluid collections that did not display the DDSS, four were proven to have an IUP and two were found to have an EP (Table 2 ). The DDSS therefore had a sensitivity of 93.9% (95% CI, 85.0-98.3%), specificity of 100% (95% CI, 15.8-100%) and overall diagnostic accuracy of 94.0% (95% CI, 88.3-99.7%) for predicting an IUP. The positive and negative predictive values were 100% (95% CI, 94.1-100%) and 33.3% (95% CI, 4.3-77.7%), respectively, whilst the positive likelihood Data are given as mean ± SD or n (%). Data are given as n.
ratio was infinite and the negative likelihood ratio was 0.06 (95% CI, 0.02-0.16). In our study, the prevalence of an IUP was 97.0% but if the DDSS was present the probability of an IUP was 100% compared with 66% if the DDSS was absent (Table 3) .
Of the 61 IUPs that demonstrated the DDSS during the index test, 58 (95.1%) were viable. Of the four IUPs that did not display the DDSS during the index test, only two (50.0%) were viable.
The two EPs were identified at the time of the reference standard. Both women were asymptomatic but had sonographic evidence of an empty endometrial cavity and an inhomogeneous adnexal mass. They were referred to the local EPAU where the diagnosis was confirmed. One woman chose to have medical management with methotrexate, which was successful, and the other underwent laparoscopic salpingectomy, which was uncomplicated. Of the nine women that attended the index test but did not have an intrauterine fluid collection present, it was subsequently proven to be a viable IUP in seven (77.8%), a non-viable IUP in one (11.1%) and an EP in one (11.1%), diagnosed at approximately 7 weeks' gestation. All 10 intrauterine fluid collections that contained yolk sacs at the time of the index test were subsequently proven to be viable IUPs. No adverse events from performing the index test or reference standard were reported.
DISCUSSION
Our results demonstrated that the probability of an IUP when the DDSS was present was 100%, supporting our hypothesis. The probability of having an EP when the DDSS was absent was 33.3%. Using modern high-resolution TVS, the presence or absence of the DDSS located correctly 94.0% of pregnancies. The DDSS was present in 93.9% of IUPs and absent in both the EPs. In this study, the prevalence of an IUP was 97.0%, but if the Values in parentheses are 95% CIs. LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.
DDSS was present the probability of an IUP was 100% compared with 66% (95% CI, 49-88%) if the DDSS was absent. These findings suggest that the diagnostic accuracy of the DDSS for predicting an IUP in the aforementioned systematic review 4 was underestimated. One of the studies included in the review suggested that, whilst the overall sensitivity and specificity of the DDSS for distinguishing between an IUP and an EP was 64% and 100%, respectively, in cases in which embryonic contents were not yet visible the specificity dropped to 53%, rendering it a useless test in clinical practice 9 . Inherent with a diagnostic test to confirm an IUP is the absolute requirement for a false-positive rate of zero. This is because of the clinical implications of labeling a pregnancy as intrauterine with subsequently little or no follow-up, when actually it is ectopic and any delay in diagnosis could be detrimental.
In our study, however, women were excluded if embryonic contents were visible, and hence our results suggest that the DDSS is actually very valuable in clinical practice: women who present with abdominal pain and/or vaginal bleeding in early pregnancy who have sonographic evidence of an empty sac that demonstrates the DDSS can, according to our results, be managed following pregnancy of uncertain viability protocols rather than, what has become standard practice in many units, pregnancy of unknown location protocols and will consequently not use valuable resources inappropriately nor be subject to undue stress 17 . It is important to note that, despite our specificity of 100%, a thorough assessment of the adnexa is still required even when an intrauterine fluid collection demonstrates the DDSS because of the possibility, albeit remote, of a heterotopic pregnancy.
Furthermore, even though the sensitivity of the DDSS to predict an IUP in this study was extremely high, it was not 100% and therefore intrauterine fluid collections that do not demonstrate the DDSS cannot be labeled as pseudosacs associated with EPs. Such sonographic findings require follow-up until pregnancy location can be determined conclusively.
The main limitation of our study is that it included only two pseudosacs among the cases. Whilst neither of these demonstrated the DDSS, resulting in a specificity of 100%, as there were only two cases the confidence intervals are wide. If more women were recruited, more pseudosacs might have been identified but, accepting that the incidence of an EP is relatively low, even following IVF/ICSI treatment 18 , and pseudosacs occur in less than 15% of EPs 1 , approximately 1700 women would need to participate in the study to identify the required number of pseudosacs from our sample size calculation. Taking into consideration the throughput and success rates of our IVF unit and the recruitment rate observed during our study, this would take over a decade to achieve. A multicenter approach would generate greater numbers more quickly but this would incorporate variations in practice which could affect the validity of results in other ways.
Another limitation of our study is that all scans were performed and interpreted by a single investigator. Although it would have been ideal if more than one operator had performed each ultrasound, this was not incorporated into the study protocol for two reasons. First, many of the scans were performed out-of-hours for the convenience of the participants and logistically it would have been difficult to coordinate these appointments if multiple investigators were required simultaneously. Second, following a focus group discussion with potential participants during the planning phase of the study, it was discovered that many women felt apprehensive about having a TVS when there was no clinical indication. Whilst some women said that they would be willing to undergo one additional TVS as part of a research study, they were reluctant to have more than one. However, the interobserver variability associated with sonographic detection of the DDSS is an important consideration if it is to be used in clinical practice and this is now the focus of a separate study using image review. Finally, all participants in the study were pregnant as a consequence of IVF/ICSI treatment. This was so that we could be certain of the exact gestational age of the pregnancy and schedule the index test to be performed at an appropriate time. From the literature, a gestational sac first appears at approximately 28 days' gestation 14 but, since the women in our study had been instructed to perform their urinary pregnancy test 18 days after egg collection (corresponding to a gestational age of 32 days) as part of the fertility unit's standard practice, we could not perform the index test any earlier than this. We also wanted to perform the index test at a time when there was low probability of identifying embryonic contents, which is thought to be around gestational day 35 15 . It is possible that the accuracy of the DDSS to predict an IUP may be related to gestational age, and perhaps intrauterine fluid collections identified sonographically prior to day 33 or after day 34 would be more or less likely to demonstrate the DDSS than those identified in our study. Scheduling the index test for this specific time would have been difficult using spontaneous conceptions. However, we can think of no theoretical reason to suggest that the diagnostic accuracy of the DDSS to predict an IUP would be any different in spontaneously conceived pregnancies compared with assisted conceptions.
In conclusion, using modern high-resolution TVS, the presence of the DDSS can be used to confirm accurately an IUP prior to visualization of embryonic contents. Its absence, however, does not preclude an IUP.
